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1.0 INTRODUCTION

This report presents the Phase I Chemical Soil Investigation

data for the Weldon Spring Chemical Plant/Raffinate Pits

'(WSCP/WSRP). Sample collection methods, sampling equipment

decontamination techniques, analytical procedures, and
analytical results are also presented in this repért, as well as
1imited interpretations of those results. This investigation
was not intended to fully characterize chemical soil
contamination at the WSCP/WSRP. The objective of this
investigation was to supply baseline soil information for
development of a detailed Chemical Soil Investigation Sampling
Plan that will more fully define the extent and magnitude of

chemical soil contamination at the WSCP/WSRP.

The WSCP/WSRP portions of the Weldon Spring Site (WSS) consist
of 217 acres located approximately 2 miles southwest of Weldon
Spring, Missouri. Uranium ore concentrate was processed at the
WSCP from 1957 until 1966 when it was known as the Weldon Spring
Uranium Feed Materials Plant (WSUFMP) . Process wastes from

uranium ore concentrate processing are contained in four

raffinate pits located on the site. Prior to 1955, the

WSCP/WSRP area was part of the Weldon Spring Ordnance Works
(WSOW) . The WSOW produced trinitrotoluene (TNT) and
dinitrotoluene (DNT) during World War II. Three complete TNT
batch plants and portions of a fourth plant existed within the
confines of the present WSCP/WSRP 217-acre area.
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Prior to this investigation, only limited amounts of chemical
data were évailable for the soils at the WSCP/WSRP. In 1975-76
the Department of Army (DA) documented low levels (ug/Kg) of
nitroaromatics in WSCP soils (DACDIR, 1975). This report
‘provided the only documentation of chemical soil contaminants at
the WSCP/WSRP. In the spring of 1987, United Nuclear
Corporation (UNC) was contracted through the Department of
Energy (DOE) to perform a radiological characterization of the

WSCP/WSRP soils.

Soil samples were split from selected radiological sampling
jocations by on-site personnel for chemical analysis. Field
work began in May and was completed by mid-July 1987.

Analytical results were received in August 1987.
1.1 Purpose

This investigation was designed to provide baseline data
regarding chemical soil contamination and to develop on-site
background metals concentrations at the WSCP/WSRP. Sampling
locations were selected to investigate potential chemical soil
contamination source areas from TNT production and/or uranium
processing and to provide areal coverage of the site. Samples
were collected concurrently with the radiological soils
characterization performed by UNC. The results of this

investigation and previously collected data have been used to




develop a comprehensive chemical soil characterization sampling

plan.

1.2 Scope

This sampling effort consisted of collecting 149 samples from 37
locations. Sampling locations were selected by evaluating WSOW
and WSUFMP processes. Potential source areas were identified
and targeted for sampling. Additional locations were added to

provide areal coverage.

Analytical parameters were selected based on results of the
Phase I Water Quality Assessment which detected elevated levels
of nitroaromatics, nitrate, sulfate, fluoride and metals in the
groundwater beneath the WSCP/WSRP. No organics (except
nitroaromatics) were detected, so soil samples were not analyzed

for organic compounds.
2.0 SAMPLING
2.1 Sample Collection

Soil samples were collected from 37 locations at or near the
WSCP/WSRP. Figure 2-1 shows the sampling locations. Thirty-two
locations were within the fenced WSCP/WSRP boundary. Four of

the remaining five boreholes were drilled in WSOW Waste Lagoon
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No. 1, located just northeast of Frog Pond to, investigate this

potential source area.

The final borehole was located between the WSCP and the WSOW

"waste lagoon. Table 2-1 details borehole coordinates, numbers,

depths and date drilled.

Samples were collected using a truck-mounted CME-55 drill rig
employing 6 5/8" outside diameter (0.D.) hollow stem augers for
drilling and a 3" 0.D. by 24 inch long split tube sampler.
Samples were collected continuously by driving the split tube

sampler with a 140 1lb. drop weight.

After driving the sampler two feet, it was removed from the
borehole and taken to a shaded area prior to opening, in order
to prevent the photolysis of nitroaromatic residues in the
soil. Samples were obtained using a stainless steel spatula to
£ill the sample containers. Samples were collected in the

following increments at most locations:

0 to 6 inches .
6 to 24 inches
24 to 48 inches

48 to 72 inches

If the borehole advanced beyond 6 feet, samples were composited
over 4- to 10-foot intervals. The 0- to 6-inch interval was
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Table 2-1

Boring Locations and Depths

=

Location Location Date Depth of
No. Coordinates Sampled Borehole
West,North (ft.)
l S0-50700,99400 05/29/87 12
2 S0-51600,100500 06/02/87 9
3 S0-51400,100800 06/02/87 6
4 S0-51400,101200 06/02/87 6
5 S$0-51900,100300 06/02/87 10
6 S0-51300,100200 06/02/87 6
7 80-52400,100715 06/02/87 6
8 $0-52131,100094 06/02/87 6
9 S0-52000,100400 06/02/87 15
10 $0-51700,101500 06/03/87 6
11 S0-49600,100800 06/03/87 24
12 S0-51800,101400 06/03/87 6
13 §0-49610,10100 06/03/87 14
14 S0-50500,100395 06/04/87 6
15 S0-49200,100400 06/04/87 6
16 S0-49320,100735 06/04/87 6
17 $0-50500,100300 06/04/87 6
18 S0-50900,98600 06/04/87 6
19 S0-50800,99600 06/04/87
20 S0-52090,101300 06/09/87 6
21 S0-49700,99500 06/09/87 6
22 s0-50300,101300 06/09/87 6
23 §0-50910,101803 06/09/87 6
24 S0-52400,101100 06/09/87 6
25 S0-50800,100100 06/10/87 20
26 S0-50800,100000 06/10/87 6
27 S0-49300,101200 06/15/87 3
28 S0-49320,101420 06/15/87 4
29 S0-49240,101470 06/15/87 3
30 S0-49240,101350 06/15/87 13
31 $0-51200,99900 06/26/87 le6
32 $0-51700,99975 06/29/87 16
33 S0-49500,99800 06/30/87 6
34 §0-52119,99200 06/30/87 16
35 s0-50325,101300 06/30/87 6
36 S0-49100,100500 07/02/87 . 6
37 S0~-49600,101275 07/02/87 6
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collected u51ng a post hole digger since the split tube sample
did not provide enough soil for both chemical and radiological

analyses.

" sample collection information was recorded on field data forms.

Sample chain-of-custody was maintained throughout the sample
collection and shipping process according to approved WSSRAP

procedures.
2.2 Equipment Decontamination

Soil sampling equipment was cleaned using a hybridized
decontamination procedure designed to protect against
cross-contamination by nitroaromatics and other chemical
species. All augers, drill rods, and split tube samplers were
washed using a hot water high-pressure washer. Augers and
drill rods were cleaned between bereholes while split tube

samplers were decontaminated between samples.

After washing with hot, high-pressure water, the split tube
samplers were allowed to air dry. They were then rinsed with
toluene, followed by acetone and hexane. The toluene rinse was
used to dissolve any nitroaromatic residues. Acetone and hexane
rinses were employed to remove toluene and other contaminants
not removed by the hot water high-pressure wash. The split tube
samplers were again allowed to air dry prior to being
reassembled. All rinsing solvents were collected.
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stainless steel spatulas and pans and the post hole digger were
washed with distilled water, followed by the same solvent rinse
sequence as used on the split tube samplers. This procedure was

performed before every sample.

Field personnel wore new disposable vinyl gloves when collecting
soil samples. Gloves were changed after decontaminating

sampling equipment.
2.3 Sample Preservation

After soil samples were collected, the filled sample containers
were placed in a cooler with Blue Ice or similar reusable ice
product. All samples were chilled to 4 degrees centigrade.

This temperature was maintained throughout sample collection and

shipment. No other preservation techniques were used.
2.4 Sample Analyses

Soil samples were analyzed by metaTRACE, Inc. of St. Louis,
Missouri. Analytical parameters included nitroaromatics,
metals, nitrate, sulfate, chloride, fluoride, and percent
moisture. Selected surface samples were analyzed for asbestos.

Precleaned sample containers were supplied by metaTRACE, Inc.

Analytical parameters were selected based on known or suspected
contaminants from the WSOW and WSUFMP.

-8 -
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Nitroaromatic analyses were performed according to the U.S. Army
Toxic and Hazardous Materials Agency (USATHAMA) High Pressure
Liquid Chromatography (HPLC) methodology. Metals analyses were
performed to U.S. EPA Contract Laboratory Program (CLP)

standards. Nitrate, sulfate, chloride and fluoride analyses

were performed according to EPA method 300.0.
3.0 RESULTS

Analytical results are presented in Appendix A of this report.
Each group of analytical parameters is discussed in detail in
the following sections. All interpretations made in this report
are based on analytical results, field observations, past waste
management practices, aerial photography, and the draft UNC
report "Radiological Characterization of the Weldon Spring,

Missouri Remedial Action Site", October 1987.

3.1 Nitroaromatics

All soil samples were analyzed for nitroaromatics using HPLC
according to USATHAMA methodology. No detectable levels of
nitroaromatics were present in any samples collected on-site.
Detectable levels were measured in soil samples taken from the
waste lagoon used in WSOW production located off-site, just
north of the WSCP‘(Figure 2-1). Table 3-1 presents
nitroaromatics results from soil samples collected in WSOW Waste

Lagoon No. 1.
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TAKE 3-1

Nitroaromstics Results for the WSOW Waste Lagoon Ro. 1

Cancentration UG/G

Soil 1:315' 103°
Location Depth Date 2,4,6- Mitro- Trinitro- Dinitro-
Number Coordinates Interval Sampled INT 2,A-DNT  2,6-DNT  Benszens Benzers Bensene
27 S0-49300,101200 1.5,2.5 06/15/87 .93 <1.02 1.4 <.96 <0.77 <1.23
$0-49300,101200 2.5,3 06/15/87 1.1 2.3 <1.78 <1.82 <0.72 <1.14
28 $0-49320,101420 1,1.5 06/15/87 52.4 7.6 <1.82 <1.86 4.0 0.63
$O-49320,101420 2,4 06/15/87 * - - - » *
29 S0-49240,101470 1,2 06/15/87 17.2 3.0 <1.78 <1.82 2.2 <1.13
$0-49240,101470 2,3 06/15/87 13.7 2.2 <1.76 <1.80 3.7 <1.12
30 §0~49240,101350 0,3 06/15/87 307 13.8 <1.77 2.3 2.8 0.67
SO-49240,101350 3,5 06/15/87 <1.52 0.56 <1.79 <1.83 1.9 <1.14
$0-49240,101350 5,8 06/15/87 <1.48 <0.92 <1.74 <1.77 1.2 <1.11
S0-49240,101350 8,13 06/15/87 <1.55 <0.97 <1.8 <1.86 0.48 <1.16
Source: WSSRAP, 1987
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Soil sampling locations were not chosen to confirm previous
positive results for nitroaromatics as reported in the 1976
Department of Army Report nassessment of Weldon Spring Chemical

Plant in St. Charles Missouri--Final". The validity of this

‘previously collected data and the need for additional sampling

will be discussed in the Chemical Soil Investigation Sampling

Plan.
3.2 Metals

2All soil samples were analyzed for CLP metals and lithium.
Lithium was used in pilot studies at the WSCP and is present in
the WSRP and groundwater. Acid usage in both explosives
production and uranium processing make metal contamination of
the soil a distinct possibility. Metal contamination of the
soil has been documented at other ordnaﬁce works such as the
West Virginia Ordnance Works and Alabama Army Ammunition Plant

(ESE, 1986).
3.2.1 Flevated Concentrations Detected

Several metals were detected in elevated concentrations in
several soil samples. Lead, barium and zinc were present in
concentrations above background and appear to be related to WSOW
sources. Based on the sampling effort, there appears to be a

felationship between elevated levels of lead and zinc.

- 11 -




Sample-specific analytical results are presented in Appendix A

l of this report.

1 The use of lead in explosive production equipment has been
documénted at other ordnance works (ESE, 1986) and is the

primary non-nitroaromatic soil contaminant.

Lead was used in WSOW process buildings and as flooring to

‘ minimize static electricity. Acidic spills could have dissolved
lead and other metals. Spill control probably consisted of

| neutralization with lime or soda ash and/or dilution followed by

| washing.

Lead concentrations in the soil at the WSCP rénged from <0.6

ug/Kg to 43,000 ug/Kg. The highest value was observed at
Ilpcation No. 3 (Figure 2-1) north of Ash Pond in the 2- to

4-foot interval downslope from the final production area of TNT

’Line No. 2.

lElevated zinc levels were present with elevated lead levels in
lnumerous samples. Zinc concentrations were much lower, however,
only ranging up to 820 ug/Kg. The source of the zinc

Icontamination is not known at this time.

,Barium was also present in elevated concentrations in select
samples. Up to 4,000 ug/Kg of barium were detected in soils

|
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from the Ash Pond area. The source and/or reason for barium

contamination is not known at this time.
3.2.2 Background Metals Determinations

Another purpose of this investigation.was to esﬁablish
background metals concentrations in on-site soils. On-site
background concentrations were determined statistically.
Concentrations for each metal were analyzed statistically to
determine average background concentrations and ranges.
Frequency histograms were plotted for each metal. These
histograms were evaluated to detect concentrations outside of
the normal distribution of the population. These elevated
values were removed from the background data set prior to
calculating the arithmetic mean, arithmetic standard deviation
and the geometric mean. This data is presented on Table 3-2

with the background ranges.

Several metals appear to be present as low-level contamination
throughout soils at the WSCP/WSRP. These metals include: -
aluminum, antimony, barium, iron, legd, magnesium, manganese,
nickel, vanadium and zinc. Background samples will be collected
from off-site locations during the overall soil characterization
as described in the Chemical Soil Investigation Sampling Plan.

These "on-site" background values will be compared to background

- 13 -




TAKE 32

. Statistical Data for Backgraund Metals
Coocentrations in Solls at the WSCP/WSRP

Onsite Background

Campound Arithmtic Ranges
Sample Arithmetic Geametric Standard
Size Mean Msan Devistion Low Bigh
’ o /Kg wg/Xs we/¥g we/Ke me/Xg

Al 142 12,536 11,350 4,902 1250 27,700
Sb 98 29 25 8 2 40
As 114 6 6 & 2 15
Ba 140 161 148 70 25 390
Be 129 1 1 1 < DL 6
cd 125 3 3 1 < DbL 7
Ca 114 3,495 3,064 1,839 190 9,300
Cr 144 24 23 6 2 . &2
Co 144 16 14 7 6 &0
Cu 143 15 14 6 3 3
Fe 139 18,636 17,914 5,306 8,500 35,400
Pb 127 29 25 16 7 84
L 92 10 9 3 <DL 17
Mg 133 2,437 2,256 956 417 5,900
¢ o 127 495 3’ a3 A9 1,400
Eg Background less than the detectlon 1imit of 0.1 mg/Kg

Ni 138 19 18 7 7 &3
K 145 757 698 311 255 1,701
Se Background less than the detection limit of 0.5 mg/Kg

Ag 96 3 2 2 1 13
Na 136 486 437 202 49 982
bel Background less than the detection limit of 1.0 mg/Kg

v 141 35 34 ? 6 S
n 141 A5 39 29 6 220

< DL - Less than detection limit Source: WSSRAP, 1987
- 14 -



samples collected as described in the Chemical Soil

Investigation Sampling Plan.
3.3 Inorganic Anions

Soil samples collected during this investigation were also
analyzed for nitrate, sulfate, fluoride and chloride. Elevated
jevels of nitrate and sulfate were observed at numerous
locations, most commonly in surficial soil samples. This is to
be expected since the nitrates probably originated from
neutralized nitric acid. Nitric acid was used both at the WSOW
and the WSUFMP. The highest concentration of nitrate (868
mg/Kg) was detected in a ditch carrying waste from a WSOW
process building at Location 36. Elevated nitrates and sulfates

were also observed in WSOW Waste Lagoon No. 1 north of the WSCP.

Elevated sulfate levels were occasionally associated with
elevated nitrate levels, especially in the WSOW Waste Lagoon.
This would be expected due to the use of mixed nitric and
sulfuric acid in TNT production. Other areas of sulfate
contamination are also probably related to WSOW production due
to the use of sulfuric acid as a catalyst. Additional
investigations are required to determine the source and extent

of this contamination.
Some slightly elevated chloride and fluoride levels are present

- 15 -
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Some slightly elevated chloride and fluoride levels are present
in WSCP/WSRP soils. The source of these species is not known at

this time.

" Selected surface soil samples were analyzed for asbestos based

on the usage of asbestos in WSOW process buildings. Aall
submitted samples contained less than 1 percent asbestos and no

elevated levels were observed.

4.0 CONCLUSIONS

‘'This investigation was designed to supply baseline soil

information and establish on~-site background metal
concentrations. This investigation indicates the presence of
elevated levels of nitrate, sulfate and certain metals in the
soils at the WSCP/WSRP. Limited conclusions regarding the
extent and magnitude of contamination can be made based on the
data collected. The data presented in this report will be used
in developing the Chemical Soil Investigation Sampling Plan,
which details the overall soil characterization strategy for the

Weldon Spring Site.

Several preliminary conclusions can be made from the data

presented in this report. These conclusions are:

1. Nitroaromatic compounds were not detected in the on-site
soil samples collected in this investigation. Additional

- 16 -
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sampling is required for WSOW sources, particluarly in
production areas, surface drainages and the burning ground

area.

Nitroaromatics bind tightly to soil particles at the
WSCP/WSRP. This was evidenced by the soil samples
collected from the WSOW wastewater lagoon located just
north of the WSCP. Nitroaromatic concentrations decreased
from percent levels (0.3%) to less than the detection
limits through eight feet of soil. This information will
be used when designing the overall chemical soil

characterization sampling plan.

Areas of nitrate and sulfate contamination appear to be

related to WSOW processes and sources.

There appears to be low-level contamination by several
metals including aluminum, antimony, barium, iron, lead,
magnesium, manganese, nickel, vanadium and zinc. Isolated
undetected areas of higher concentration may exist for
these metals. Additional investigations are required to

determine true background conditions and assess contaminant

extent.

There do not appear to be any elevated concentrations of

beryllium, cadmium, mercury, selenium or thallium in soils

at the WSCP/WSRP.

- 17 -



6. Elevated asbestos levels are not present in surficial soils
as a result of WSOW building demolition. Elevated levels

of asbestos may be present near overhead piping in the WSCP.

7. There do not appear to be any significant on-site soil

contamination areas contributing to groundwvater

contamination.

These conclusions will be used to guide further soil

“investigations as detailed in the Chemical Soil Investigation

Sampling Plan. The data in this report will be factored into

-the overall soil contamination assessment and used in the

Remedial Investigation Report.
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APPENDIX B




DATA QUALITY

Throughout this sampling effort, analytical data quality was

assessed through the use of duplicates and spikes. These

- additional analyses were performed for all analytical

parameters.

All Quality Control Data is presented at the end of this
appendix. Overall, no holding times were exceeded and the
Quality Control Data is acceptable. Therefore, the analytical

data presented in this report conforms to applicable standards

of accuracy and precision and is representative of sample

conditions at the time of collection.

All data presented in this report will be validated according to
the procedures to be presented in the forthcoming Quality
Assurance Project Plan (QAPP). This data will then be used to

assess overall soil contamination.
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